The plastic deformations and the crack opening displacement, ~. in cylindrical shells with an axial or circumferentml crack and spherical shells with a meridional crack are considered. It is assumed that outside the perturbation zone of the crack the shell is subjected to uniform membrane loads perpendicular to the crack. The plastic strip model is used to calculate the plastic zone size. The crack opening displacement is calculated as the crack surface displacement at the crack tips by using the conventional superposition technique. In cylindrical shells with an axial crack the crack surface displacement perpendicular to the shell surface (i.e., the bulging) is also evaluated. The results are apphed to a set of existing experimental data on the fracture of cylindrical shells. The tentative conclusion is that in dealing with the fracture of thin-walled structures, among various fracture models 6 = constant appears to be the most satisfactory criterion. 
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Introduction
Within the past decade or so the so-called linear fracture mechanics has established itself as a very satisfactory theoretical working tool in studying the phenomena of fatigue crack propagation and brittle fracture in structural solids. The theories of fracture or the failure criteria based on the use of the stress intensity factor, K, or, its equivalent, the crack extension force, if, have been most effective in cases for which the size of the plastically deformed region around the fracture front is small compared to the length parameter characterizing the fracture area. Thus, the application of these theories to plane strain fracture and high cycle fatigue crack propagation involves no ambiguity. However, in the presence of moderately large plastic deformations, the models need some re-interpretation or modification. Generally, such a modification is accomplished by either assuming an increased crack length (usually by adding the plastic zone size to the actual crack length) for the purpose of evaluating K or
[1], or by introducing the concept of "crack opening displacement" [-2 ]. An estimate of the plastic zone size necessary for the application of the first method may be obtained by using the plastic strip model introduced by Dugdale [3] (see also, [-4 ] and [-5])*. Justification of the widespread use of this modification lies not in the soundness of the underlying physical arguments but primarily in the fact that, in most cases involving the fracture of materials with high toughness, it seems to work, the exceptions being the extreme plane stress configurations.
There is a certain amount of diversity and some confusion involving the definition and the use of the crack opening displacement. However, the most widely accepted definition of it is the relative displacement between the opposing surfaces of the crack at the location corresponding to the actual crack tip obtained from the solution in which the leading edge of the crack is assumed to be at the elastic-plastic boundary. In Irwin's simple analysis this corresponds to the relative crack surface displacement at a distance ry from the crack tip, r~ being the estimate of the plastic zone size. In [-5-7 ] the crack opening displacement was assumed to be the relative crack surface displacement at the (actual) crack tip obtained from the solution based on the plastic strip model.
The differences between the results obtained by using various modifications of the original Griffith-Irwin-Orowan model mentioned above are insignificant if the plastic zone size is relatively small compared to the crack length. However, they become increasingly more noticeable as the relative size of the plastic zone becomes larger. At present, even though far from being perfect, these models seem to be the only satisfactory theoretical tools available and are being rather widely used in practice. Since most of the experimental work in this area has been on mode I type fracture under simple plane loadings, the effectiveness of these models in their applications to fractures under relatively complex combined loading conditions has not yet been tested. In this paper we will treat one such case, namely, the internally pressurized cylindrical or spherical shells with a crack, in which, in addition to the curvature-induced magnification in the stress intensity factor, around the crack the shell is subjected to bending as well as the membrane stresses. The particular geometries which will be considered are the circular cylinder with a longitudinal or a circumferential crack and the spherical shell with a meridional crack. By using the plastic strip model we will first obtain the plastic zone size, and then from this solution we will calculate the crack opening displacement. Expressions for the displacement component perpendicular to the shell surface (i.e., bulging) will also be developed. The results will then be used to analyze the experimental data given in [-8].
The Plastic Zone Size
Let the (actual) crack length in the shell be 2a, and the plastic deformations be confined to a narrow strip of length p ahead of the crack tips (Figure ld) . Define *In [1] and in his subsequent work, Irwin obtained the plastic zone size as the distance from the crack tip to the point at which the cleavage stress is equal to the yield strength of the material. To calculate the cleavage stress the asymptotic relation for small r around the crack tip was used, which gives the plastic zone size as a function of K and yield strength only.
